SUMMARY Electrical recordings were made in the high right atrium in 28 patients undergoing cardiac catheterisation and in 3 healthy volunteers. After filtering and amplification by 3 to 10 million times, the signals were passed through a signal averaging process in a digital computer. Of the 28 subjects who had technically satisfactory recordings, 23 showed low voltage electrical activity preceding the conventionally-recorded atrial depolarisation. The low voltage activity started 50 to 200 ms before the atrial deflection and was variable in shape. These early signals may be the result of activity in the region of the sinus node.
The rhythm of the healthy heart is controlled by the depolarisation of pacemaker cells in the sinus node. Animal sinus node tissue can be suspended in an organ bath and intracellular and extracellular recordings made from the pacemaker cells (West, 1955; Cramer et al., 1977) , but few convincing recordings have been made of the functioning sinus node in an intact mammalian heart. Some tracings have shown early activity in the high right atrium (Van der Kooi et al., 1956; Ramlau, 1974; Thery et al., 1976 ) but these early, high frequency signals are not clearly distinct from the earliest atrial activity (Masuda and Paes de Carvalho, 1975) . No verified demonstrations have been published of the low frequency, low amplitude signals which would be expected to precede atrial activity in the high right atrium (Cramer et al., 1977) . Hoffman and Cranefield (1960) predicted that sinus node activity should be recordable by small electrodes relatively far apart. The fundamental problem is that the very small signals may be smaller than the random background electrical activity ('noise'). In such circumstances an increase in amplification would not make the physiological signals any more discernible. We have attempted to record activity in the high right atrium in man using high amplification combined with signal averaging to reduce random background noise. ' Present address: Regional Cardiac Unit, Papworth Hospital, Cambridge.
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Method
Recordings were made with commercially-available hexapolar pacing wires using two electrodes 3-5 to 10 cm apart (Berkowitz-Castellanos, USCI). The pacing wire was inserted via a femoral, subclavian, or antecubital vein and positioned under fluoroscopic control with one electrode near the superior vena cava/right atrial junction and the other recording electrode in the superior vena cava or its tributaries.
The bipolar signals were amplified a thousand times with a low-noise, battery-powered amplifier (Ancom Limited, B9A-7D) and recorded on one channel of a four-channel tape recorder (Racal Thermionics, Store 4). This low-gain channel was used as a trigger for the signal averaging process (Fig. 1 (Vincent et al., 1978) showed that a small artificial signal could be readily extracted from random noise by this signal-averaging system. Acceptable triggering could be obtained using a simple threshold trigger on the upstroke of the low gain deflection, but results were more satisfactory with a pattern matching technique. For this technique the waveform of each atrial depolarisation was compared with a stored atrial signal. The beginning of the fresh signal was adjusted in time until the computer found the position for the best match with the stored signal. If the match was not close enough, that cycle was discarded. The beginning was then used as a reference point to add in the high gain signal to the averaging process.
As the exact position of the sinus node cannot be determined by fluoroscopy, simultaneous recordings were usually made with two pairs of electrodes on a single multipolar pacing wire. The active poles in the high right atrium were 1 cm apart.
Subjects
Recordings have been made on 3 healthy volunteers and 28 patients undergoing routine diagnostic cardiac catheterisation (Table) . We have tended to select patients with slower heart rates, who have some separation between the electrical activity of the T wave and that of the following atrial depolarisation.
Results
Of the 31 subjects, 23 had recognisable electrical activity preceding the conventionally-recorded atrial activity in at least one recording. An example Fig. 2 . Of the remaining 8 subjects, 5 had no clear interval between the end of the T or U wave and the start of atrial activity, 2 had unsatisfactory trigger signals, and the remaining 1 had distinct mains interference, which could not be removed by signal averaging.
The morphology of the early signal was variable. The commonest pattern (18 out of 23) showed an ri-defined onset with the early signal continuing into the atrial activity ( Fig. 3 and 4) . Four subjects showed little activity between the early signal and atrial depolarisation (Fig. 5 ). One subject with sinus node disease had a short, early signal with an abrupt onset and then a gap before the atrial deflection (Fig. 6) .
The time from the onset of the early high gain signal to the start of the atrial activity in the low gain electrogram was in the region of 50 to 200 ms. In all cases the internal atrial activity was compared with the external P wave recorded in at least 2 (and usually 3) planes at right-angles to each other. The external signals never began before the internal activity. In this small series we found no systematic difference in the time from the onset of the early signal to the start of atrial activity between healthy volunteers and patients with sinus node disease. The longest interval (just under 200 ms) was in a 29-year-old man with syncope but no proven heart disease. The second longest (about 160 ms) was in a healthy 30-year-old volunteer.
The shape and, to a lesser extent, the time of onset of the early signal is dependent on the degree of high pass filtering used. It is, therefore, impossible to measure precisely the peak amplitude of the early signal but it may be in the range of 200-500 nanovolts.
The early signal was reproducible if a recording was reanalysed. In Fig. 7 
Discussion
Sinus node disease is an important cause of morbidity and possible mortality, yet we do not know the aetiology in most cases (Shaw, 1976) . Existing methods of diagnosis are unsatisfactory. If the electrocardiogram is normal, the most useful diagnostic procedure is 24-hour ambulatory monitoring (Lipski et al., 1976) . This technique reveals little or nothing of underlying mechanisms. The recovery time of the sinus node after overdrive suppression (Mandel et al., 1971) and attempted calculations of the sinuatrial conduction time (Strauss et al., 1973 ) have proved to be of little diagnostic value in most cases (Crook et al., 1977 Fig. 4 An example of the commonest pattern for the early signal. After an ill-defined onset the signal continues into the atrial activity. high frequency activity is more likely to be produced by atrial rather than sinus node depolarisation (Masuda and Paes de Carvalho, 1975 (Krongrad et al., 1978; Tomita et al., 1978) . Cramer et al. (1977) have described extracellular potentials recorded from an isolated rabbit sinus node preparation. There were two Amplified Atrial Electrogram potential changes. One was a slow continuous diastolic depolarisation; with our technique this would be removed by filtering. The other potential change was a faster depolarisation which began about 70 ms before the atrial activity. After filtering this second depolarisation would be similar in shape and timing to our early signals.
The time from the onset of our early signals to the earliest atrial activity was up to 200 ms. In the isolated rabbit atrial preparation the sinuatrial conduction time is 25 to 90 ms (Miller and Strauss, 1974; Yamaguchi and Mandel, 1975) . In the slower human heart the sinuatrial conduction time is likely to be longer. In our experiments the apparent onset of atrial activity may have been influenced by the plane of the recording electrodes. However, any error must have been small because the internal atrial activity always began simultaneously with, or only just before, the external P wave recorded in at least two orthogonal planes. The early signal was reproducible in the same patient if another set of cycles was used for the averaging process. Unfortunately not all patients were able to lie still for sufficient time to record enough cycles. The results from 2 subjects who were able to remain quiet are shown in Fig. 7 and 8 . The timing of the early signal has not changed appreciably but the shape has altered. Bonke et al. (1971) showed that the pacemaker site within the sinus node of rabbits shifted after premature atrial stimulation, and indirect evidence suggested that the point of impulse formation also varied during sinus rhythm in man (Cabanis et al., 1978) . Variations in shape of the early signal might be due to changes in the depolarisation wave within the sinus node.
We had to overcome two problems relating to the position of our electrodes. First, difficulty over the uncertain location of the sinus node was reduced by making simultaneous recordings from the active 
